Background: It is not clear if family history of cancer increases risk of cancer in children.
Every year worldwide, 130-140 children per million under the age of 15 are diagnosed with cancer. Cancer incidence within the first 5 years of life is twice as high as in older children (Imbach et al, 2011) . Cancer occurring in children has a clinical and biological behaviour that is different from cancer occurring in adults. While in adults, the most frequent cancers are in the respiratory, gastrointestinal and reproductive organs, only 5% of cancerous diseases of children are manifested in these organs. Known cancer predisposition syndromes are found in o10% of childhood cancers (Narod et al, 1991; Strahm and Malkin, 2006) . These include the Li-Fraumeni syndrome, neurofibromatosis type I, inherited retinoblastoma mutations, familial Wilms tumour, Beckwith-Wiedemann syndrome, and some disorders of DNA repair (Schiffman et al, 2013) . Beyond these, it is not clear if family history of cancer increases the risk of cancer in children.
Family aggregation studies have been helpful in understanding the genetic aetiology of cancer (Ruteshouser and Huff, 2004; Trochet et al, 2004; Bachinski et al, 2005) . Few studies investigating family history of cancer and the risk of childhood cancer have been reported. Two studies conducted in Scandinavia, especially for cancers in the central nervous system, show a familial risk for these tumours (Hemminki and Mutanen, 2001; Hemminki et al, 2010) . However, other studies show mixed results (Nielsen et al, 2008; Poynter et al, 2010; Lupo et al, 2015) . Excess risk among relatives has also been supported by several studies, but the results to date have not been consistent (Draper et al, 1996; Hemminki et al, 2000; Winther et al, 2001; Blumenthal et al, 2008; Neale et al, 2013) .
Despite the importance of understanding the aetiology of cancer in children, the rarity of cases has made population-based epidemiologic studies difficult. Our primary goal was to assess the association between family history of solid cancer and solid tumours in children younger than 15 years by histological groups, while controlling for birth defects and probable hereditary cancer syndromes for all children born in Norway between 1960 and 2001.
MATERIAL AND METHODS
Population. The Norwegian Family Based Life Course Study is a linkage of several registers (the Cancer Registry, the Medical Birth Registry, Statistics Norway) including genealogy, birth characteristics, sociodemographic indicators and cancer diagnoses and death (Naess and Hoff, 2013) . The data for all children born in Norway between 1 January 1960 and 31 December 2001 were available, including the data for their siblings and parents. Case reporting to the cancer registry is close to 100% (Larsen et al, 2009) . The current study focused on all solid childhood tumours, except lymphomas, as well as nine specific morphologic types classified according to the International Classification of Diseases for Oncology, 3rd Edition (Steliarova-Foucher et al, 2005) .
All solid tumours except lymphomas among the parents and siblings diagnosed at any age were included. Information on cancer site in ICD7 was available from the years 1960-2009 for all solid tumours except lymphomas for both children and relatives. The follow-up of cancer among the relatives started in 1960 (when all citizens in Norway were assigned a personal identification number) and ended in 2009. All solid cancers diagnosed at any age among the relatives diagnosed in the study period were included in the study. The follow-up period for each child was from birth to the age of cancer diagnosis, or censoring at the age of 14, death, emigration or end of study at 31 December 2001. Children could only be followed until 2001 since information on tumour morphology was available from 1960 to 2001.
The data on birth defects were obtained from The Medical Birth Registry which is a national health registry containing information about all births in Norway since 1967 (Jrgens and The Medical Birth Registry of Norway, 2000) . The registry records birth defects that are diagnosed at delivery or by paediatric examination during the initial hospitalisation, around the first 5 days of life. Like other registries based on routine medical birth records, this registry does not capture all birth defects. Estimates of ascertainment vary by defect category. For example, The Medical Birth Registry of Norway captures an estimated 90% of neural tube defects (Lie et al, 1994) . Birth defects were defined in accordance with the International Classification of Diseases (ICD-8).
Statistical analysis. Cox regression was used to calculate hazard ratios (HR) and 95% confidence intervals (CIs) for the association between family history of cancer and childhood cancer using age as the timescale. The follow-up period for each child was from birth to the age of cancer diagnosis, or censoring at the age of 14, death, emigration or December 2001.
The follow-up period for parents started before the child's cancer diagnosis and ended at parent's age at the end of the study at 2009. Number of years of follow up for parents before the child cancer diagnosis depended on the start of the cancer registry in Norway at 1960. Follow-up for siblings started at birth or at sibling's age at 1960 for siblings who were born before this year, and ended at December 2009.
We used a dichotomous variable for the presence of solid tumours in a relative (parents and siblings). The analyses, including all first-degree relatives with cancer, were performed by treating the number of relatives with history of solid tumour as a continuous variable in the Cox model. Cancer occurring at young ages is suggestive of a hereditary predisposition (Lynch et al, 1976; Giráldez et al, 2012; Schiffman, 2012) . For analysing the effect of age of the relative at cancer diagnosis on the risk of childhood cancer, diagnosis of cancer in a relative before the age of 30 years was considered to be early onset cancer. To minimise potential confounding factors relevant for cancer, we adjusted for child's sex, child's birth year, parental educational level and number of family members.
Hereditary cancer syndromes and birth defects. Analyses that excluded children with probable cases of hereditary cancer syndromes, and children with cancer having any birth defect (because of the associated high risk of developing cancer in children with birth defects) were also conducted (Sun et al, 2014) . In order to identify potential cases of hereditary cancer syndromes, for all children with cancer and first-degree relatives with cancer, tumour histology was checked, and pedigrees were constructed. Schneider, 2011, describes 36 hereditary syndromes in which cancer is a prominent feature (Schneider, 2011 ). Chompret's criteria identifies potential TP53 mutation carriers (Tinat et al, 2009) . These criteria were met if the offspring had a tumour from the Li-Fraumeni syndrome (LFS) spectrum (soft tissue sarcoma, osteosarcoma, brain tumour, breast cancer, or adrenocortical carcinoma) and had at least one first-degree relative with an LFS tumour before 46 years. Information on birth defects was obtained from the Medical Birth Registry. We conducted sensitivity analyses for children born between 1980 and 2001 to take into account a longer follow-up time for cancer risk among parents before the child's cancer diagnosis.
Analyses were run in SPSS version 22 (IBM, Armonk, NY, USA). The project was approved by the Norwegian Data Protection Authority and the Regional Committees for Medical and Health Research Ethics, (REK Sør-Øst: 2010/260). As this is a register-linked study, the approval also covers exemption from informed consent because that would not be feasible to acquire.
RESULTS
A total of 2 610 937 children were included in the study; characteristics of cases and non-cases are summarised in Table 1 . The follow-up period comprised 34 031 035 person-years with a mean follow-up time of 11 (SD 4.4) years for cancer cases and 13 (SD 2.7) years for non-cases. During this period, 2477 offspring aged 0-14 years were diagnosed with a first-primary solid tumour. Of these, 1259 (50.8%) children were diagnosed before the age of 5 years. Mean age at cancer diagnosis for children 0-14 years was 5.5 (SD 4.4) years (Table 1) .
Supplementary Appendix 1 shows the number of affected family members for the cases and non-cases. Figure 1 shows the age-standardised incidence rates of the most common tumours in children aged 0-14 years. Children with cancer in the CNS showed the highest incidence rate, 40.9 cases per million in the youngest group (o5 years), 36.7 in the age group 5-9 years and 26.1 in the oldest age group (10-14 years). Hepatic tumours, neuroblastoma and retinoblastoma showed elevated incidence rates in the youngest age group (o5 years), with 7.0, 26.0 and 19.5 affected children per million, respectively. In Supplementary Appendix 2 results for sex ratio for children with cancer-the ratio of the number of male cases to the number of female cases (M/F ratio) are shown. The sex ratio among 2477 individuals with childhood cancer (1339 males and 1138 females) was 1.2. The sex ratio according to type of cancer is presented in Supplementary Appendix 2. The sex ratio for CNS tumours was significantly higher in males than in females, with a ratio of 1.3 (Po0.01), and for hepatic tumours with a sex ratio of 2.5 (Po0.01). Table 2 shows the adjusted HRs with confidence intervals and P-values for solid tumours among children aged 0-14 years based on family history of any solid tumour (except lymphoma) in firstdegree relatives. Elevated hazard ratio of cancers of the central nervous system (CNS), neuroblastoma, retinoblastoma, hepatic tumours and malignant melanomas in children aged 0-14 years, who had a first-degree family history of early onset of any solid tumour, were observed. Individuals aged 0-14 years having parents with a history of solid cancer showed a 1.5-fold increase in risk for neuroblastoma. The risk was higher (2.3-fold) when the family history was restricted to relatives diagnosed with solid tumours before 30 years of age. Among individuals with a sibling with history of solid tumours, elevated HRs were observed for retinoblastoma (6.1-fold) and hepatoblastoma (5.9-fold). For osteosarcomas, the increased risk was 1.5-fold when considering family history of solid tumours for all relatives. When analysis of germ cell tumours was stratified by sex, no evidence of associations was observed (male HR ¼ 0.83, 95% CI ¼ 0.46-1.49 and female HR ¼ 0.87, 95% CI ¼ 0.44-1.70) (data not shown).
Probable hereditary syndromes (data not shown). We identified 49 (2%) cases of childhood tumours fulfilling the Chompret's criteria. The majority of those, 33 cases (67%), were found in individuals having a relative with a history of solid tumour before the age 30. More than half of the cases fulfilling the Chompret's criteria were CNS cases; 18 cases (37%) had relatives with solid tumours before the age of 30. Few osteosarcoma cases were found (n ¼ 2). Risk of childhood CNS tumours was increased among individuals with relatives who met the Chompret's criteria with 3.2-fold increase (95% CI ¼ 2.20-4.68).
Birth defects (data not shown). We found 131 children with birth defects among those with solid tumours; 27 were neural tube birth defects. The cancers observed most commonly in individuals with birth defects were CNS (8%), soft tissue sarcomas (12%) and neuroblastomas (6%). Children with congenital neural tube defects showed an elevated risk for tumour in the CNS compared to children without such defects (HR ¼ 39.04, 95% CI ¼ 20.24-75.29). We also noted a high number of individuals with these three cancer types who had siblings with birth defects; 27, 15 and 5 siblings with birth defects, respectively. An excess risk for neuroblastoma among individuals having any birth defect was observed (HR ¼ 3.21, 95% CI ¼ 1. 98-5.20) . Among the 131 children with cancer and any birth defects, 88 (67.2%) cases were classified as a serious birth defect, 56 (42.7%) had information on type of birth defect distributed as follows: 27 neuronal tube defects (spina bifida ¼ 26, encephalocele o5), hydrocephalus ¼ 7, cleft palate without cleft lip o5, cleft lip with or without cleft palate ¼ 7, oesophageal atresia o5, anorectal atresia o5, hypospadias o5, omfalocele o5, gastroschisis o5 and Downs syndrome o5.
Results after excluding for probable hereditary syndromes and birth defects. Figure 2 compares the HR for solid tumours based on family history from Table 2 wuth the HR estimated from analysis, which excluded individuals with probable hereditary syndromes. The risk of CNS tumours was markedly elevated among children with relatives with cancer diagnosed at an early age (o30 years) ( Table 2 ). In this first-degree relative group, 18 cases (64%) with probable hereditary syndromes were excluded; two of these children had a history of birth defects. After excluding these cases no evidence of association was observed (Figure 2) . Elevated risk of neuroblastoma was observed among individuals having parents with history of solid tumours and was also observed among individuals with any first-degree relative diagnosed with any solid tumour before the age of 30 years (Table 2) . In Figure 2 , the results for the risk of neuroblastoma among individuals with parents diagnosed with tumours are shown. After excluding individuals with probable hereditary syndromes and birth defects (n ¼ 23), the HR was still elevated. The results for children with neuroblastoma having any first-degree relative diagnosed with any solid tumour before the age of 30 years was no longer statistically significant after exclusion of individuals with hereditary syndromes and birth defects (HR ¼ 2.10, 95% CI ¼ 0.87-5.10; data not shown). In this group three cases (37.5%) were excluded with probable hereditary syndromes, two of them were two siblings with probable familial neuroblastoma.
The hazard ratio presented in Figure 2 for retinoblastoma was estimated among individuals with siblings with any diagnosed solid tumour. This group had the most cases and elevated hazards. Six individuals with siblings with familial retinoblastoma were identified and excluded, corresponding to 60% of the cases. The risk was considerably reduced after excluding these cases and was not statistically significant at a 5% level (Figure 2 ). The risk for hepatic tumours was high in almost all relative groups analysed (Table 2 ). Figure 2 shows the analysis, including all first-degree relatives and after excluding for probable hereditary syndromes and birth defects. We found two cases of siblings with hepatoblastoma and three cases with birth defects, and after excluding these cases, a significant association was still observed (HR ¼ 1.73, 95% CI ¼ 1.07-2.78).
For osteosarcomas, two cases fulfilling the Chompret's criteria were excluded from the analysis, including all first-degree relatives; no children with birth defects were found. Figure 2 shows a reduction in risk of osteosarcoma after excluding these cases. The HR was no longer statistically significant at a 5% level.
Malignant melanomas and other epithelial tumours showed the highest risk of all tumours analysed in almost all relative groups. We excluded four cases with family history of skin and thyroid tumours as well as three children with birth defects. The HR remained high in both when considering all first-degree relatives (Figure 2) , and when only including relatives with cancer diagnosed at a young age (o30 years) with HR ¼ 8.76 (95% CI ¼ 3.21-24.32) for epithelial tumours and HR ¼ 9.61 (95% CI ¼ 2.95-31.27) for melanomas (data not shown).
Results from sensitivity analyses conducted with information for children born between 1980 and 2001 showed similar HRs to those estimated for the whole cohort (Supplementary Appendix 3) .
DISCUSSION
This study examined the association between first-degree family history (parents and siblings) of any solid tumour except lymphomas and of such childhood tumours. We found significantly increased risks for childhood cancer in the CNS, neuroblastoma, retinoblastoma, hepatic tumours, osteosarcoma, and malignant melanoma. After controlling for probable hereditary cancer syndromes explaining the family history and restricting the analysis to first-degree relatives diagnosed before the age of 30, the risk for these cancers was not different from the general population except for neuroblastoma, hepatic tumours and malignant melanomas. In accordance with a previous study (Winther et al, 2001) , we assume that hereditary cancer syndromes may account for about 40-60% of the occurrence of CNS tumours and retinoblastoma.
Strengths and limitations. This is one of the largest familial studies of childhood solid tumours reported to date, including several tumour subtypes and more than 4 decades of follow-up. In all, 2477 children with solid tumours were included in the study, which allowed us to undertake subgroup analyses by histological types. The large number of cancer cases and long follow-up among relatives may provide more accurate estimates of familial risk than earlier studies with fewer cancer cases. Our study was based on all births in Norway from 1960 to 2001, so bias caused by a skewed study sample is unlikely. Information on the variables of interest was obtained from the linkage of national population-based registers (removing ascertainment and recall bias), and the high quality of cancer case registration allowed for a complete follow-up of the study population. The present study may contribute to knowledge concerning rare tumours in children.
Some limitations must also be noted. Use of total life-time cancer among relatives increased the power of the study; however, because cancer information for family members included cancers diagnosed after the time of cancer in the offspring, this study may have identified significant associations rather than significantly increased risk. Nevertheless, the results certainly suggest that more research is needed on potential genetic contribution to childhood cancers. Multiple comparisons were made, which may have resulted in some chance associations. However, among the main morphologic groups analysed (except for neuroblastomas), all the P-values indicate significance even after a Bonferroni correction (Sterne and Davey Smith, 2001 ). The study was limited by lack of details on other potentially important confounders, which were unavailable in the health registries used; examples include infectious disease history and environmental exposures associated with cancer. Information on cancer risk among parents at young ages in the first birth cohort period was not available and could introduce bias by left truncation. However, we conducted sensitivity analysis with data restricted to the most recent part of the cohort, which showed similar hazard ratios. The follow-up for cancer among relatives was until 2009, which could introduce bias, especially among children with young parents. The study is based on children from Norway, primarily a Caucasian population. It is unclear whether these data can be generalised to non-Caucasian populations. Finally, classifications for family history of genetic syndromes were assigned by the data review, not genetic testing and may not be correct. However, earlier studies have confirmed the clinical utility of the Chompret's criteria reporting a TP53 mutation detection rate of 29-36% (Bougeard et al, 2008; Gonzalez et al, 2009) .
Cancer sites in children. Children with cancer in the CNS showed the highest incidence rate. These rates are similar to those reported earlier in the Nordic countries (Schmidt et al, 2011) . Hepatic tumours, neuroblastoma and retinoblastoma show elevated incidence rates in children younger than 5 years. These results are also similar to those observed in other Nordic countries (NORDCAN, 2016) . The sex ratio for CNS tumours and hepatic tumours was significantly higher in males compared with females. Significant differences were also observed for hepatic tumours. Similar sex ratio differences are also reported in earlier studies (Schmidt et al, 2011; Thompson, 2012) .
Our findings agree with Nielsen et al from 2008 regarding CNS tumours (Nielsen et al, 2008) . After excluding children with hereditary syndromes, they found no association of these tumours with family history of cancer. Hemminki and Mutanen (2001) found a 2-fold increased risk for childhood CNS, 6.4-fold risk for endocrine tumours and about 60-fold risk for retinoblastoma among children whose parents had the same cancer type (Hemminki and Mutanen, 2001) . They reported similar results in a more recent study among individuals aged 0-19 years (Hemminki et al, 2010) . Our results also show elevated HR, but no strong evidence of association after excluding children with probable hereditary syndromes.
Elevated risk of germ cell tumours and rhabdomyosarcoma has also been reported by the Children's Oncology Group (Lupo et al, 2015) . For germ cell tumours, a reduced risk among female cases and an elevated risk among male cases of germ cell tumours with a family history of cancer before 40 years was reported (Poynter et al, 2010) . Our results stratified by sex found no associations. Nielsen et al (2008) found elevated risk of rhabdomyosarcoma among individuals with a first-degree relative with cancer before age 30. As we did not have enough cases of children with rhabdomyosarcoma having relatives with solid tumours diagnosed at early age; we were no able to conduct similar analysis. Individuals with Li-Fraumeni syndrome have extraordinarily high risk of developing a diverse array of malignancies, occurring frequently at young ages (Bougeard et al, 2015) . In the present study, the risk of childhood CNS tumours was markedly increased among individuals with relatives who met the Chompret's criteria with 3.2-fold increase. After excluding these cases from the analysis, the risk was considerably reduced, suggesting that hereditary syndromes may play an important role in the aetiology of CNS tumours, when relatives of children affected have a solid tumour at early age. The same analysis conducted among individuals with osteosarcoma showed a similar decrease in risk (Figure 2) .
Neuroblastoma has been observed in children with the Beckwith-Wiedemann syndrome, neurofibromatosis, Hirschsprung disease and central hypoventilation syndrome (Coran et al, 2012) . It has also been reported in twins and in parents (Pegelow et al, 1975; Tajiri et al, 2010) . In our data set, we observed three children with neuroblastoma having relatives with probable hereditary syndromes; a twin sibling with neuroblastoma diagnosed before 1 year of age, and a sibling with a peripheral nerve tumour. After excluding these cases, we did not observe significant association between children with neuroblastoma and family history of solid tumours diagnosed at young age (o30 years). However, for children with neuroblastoma, whose parents were diagnosed with solid tumours, the risk was still elevated after excluding children with probable hereditary syndromes and birth defects. This might indicate that other genetic or environmental factors may be involved in this association. However, in the sensitivity analysis, the risk for neuroblastoma for children having parents with history of solid tumours was elevated, but not statistically significant.
We observed elevated risk of retinoblastoma among individuals with siblings with solid tumours and among individuals with relatives diagnosed with solid tumours at young age (o30 years). Bilateral retinoblastomas are commonly heritable, while unilateral retinoblastomas are commonly non-heritable. Most children with hereditary retinoblastoma do not have an affected parent. But these children can still pass their RB1 gene mutation on to their children. In this analysis, these tumours types could not be distinguished, but a decrease in risk was observed when cases with familial retinoblastoma were excluded and the association was no longer significant ( Figure 2) .
Hepatic tumours have previously been associated with some genetic conditions such as Beckwith-Wiedemann syndrome, familial adenomatous polyposis and Edwards Syndrome (Spector and Birch, 2012) . Beckwith-Wiedemann syndrome represents the most relevant risk factor for hepatoblastoma with a risk 2280 times that of the typical population (DeBaun and Tucker, 1998). There is a well-documented higher risk of hepatoblastoma in children with very low birthweight. Congenital anomalies may also play an important role (Spector et al, 2008) . After excluding children with probable hereditary cancer syndromes and congenital malformations, the elevated risk observed among children with these tumours remained, suggesting other factors may affect the association between history of solid tumours and hepatic tumours in children.
The risk for childhood melanoma was elevated in our study and was still significantly elevated after excluding cases of probable hereditary syndromes. Epidemiological studies suggest that interactions between solar exposure, fair skin, immunosuppression and family history of melanoma are the main determinants of childhood melanoma. Familial cases account for B10% of malignant melanomas (Pappo, 2003) . The incidence of the disease rises steeply with age. These results may indicate that not only family history may play a role in the development of this disease, but also environmental factors.
The diagnosis of a cancer in a child should induce the clinician to investigate the causes of the cancer. In some cases, hereditary syndromes can be detected. It can be a heterogeneous condition and patients can have a wide variety of abnormalities. Furthermore, early diagnosis is crucial to provide appropriate medical management. However, genetic predisposition for childhood cancer is underdiagnosed (Jongmans et al, 2016) . This study adds to the body of evidence that inherited genetic susceptibility may be a factor in the development of childhood solid tumours. Identifying children with increased hereditary risk of developing cancer is of high importance, as it may inform a potential cancer therapy protocol. In some predisposition syndromes, a modification in therapy for the cancer is needed, for example, when radiotherapy is contraindicated or when an adjustment of chemotherapy dose is advised (Postema et al, 2017) . Furthermore, for several predisposition syndromes, a surveillance program is indicated for the early identification of other malignancies.
Family members of patients with an identified cancer predisposition syndrome may have excesses of some cancers and this may be partly attributable to greater cancer awareness. Establishing the diagnosis of a hereditary syndrome, and beginning surveillance when appropriate can make patients and their families feel more secure. It might also influence family planning and reproductive choices.
CONCLUSION
The increased associations for several childhood solid site cancers among those with first-degree relatives diagnosed with solid cancer suggests that genetic or environmental factors are involved. The fact that these associations remained after controlling for hereditary cancer syndromes indicates that other genetic mechanisms might be involved.
